The use of liquefied petroleum gas (LPG) is experimented with to improve the performance of a dual fuel compression ignition (CI) engine running on Karanja oil methyl ester (KOME) blends. Diesel is used as a reference fuel for the dual fuel engine results. During the experimentation, the engine performance is measured in terms of brake thermal efficiency (BTE) and brake specific fuel consumption (BSFC), and exhaust emission is measured in terms of carbon monoxide (CO), hydrocarbon (HC), and oxides of nitrogen (NO ). Dual fuel engine with LPG showed a reduction in NO and smoke emission; however, it suffers from high HC and CO emission, particularly, at lower loads due to poor ignition. Comparison of performance and emissions is done for diesel and blends of KOME. Results showed that using KOME blends (10% and 20%) has improved the CI engine performance with a reduction in HC and CO emissions.
Introduction
The depleting reserves of petroleum and concern over high levels of pollutants in vehicular exhaust have motivated the researchers towards searching for alternative energy sources with renewable nature and less polluting effect [1] . The use of alternative gaseous fuel in CI engines in dual fuel mode is increasing due to their clean combustion compared to conventional liquid fuels as well as their relatively increased availability at attractive prices [2, 3] . For substituting petroleum fuels used in internal combustion engines, fuel of bio-origin provides a feasible solution to the twin crises of "fossil fuel depletion" and "environmental degradation. " Several researchers are actively pursuing utilization of nonedible oils for the production of biodiesel worldwide because of its cleaner burning nature [4, 5] . Chemically, biodiesel is referred to as the mono-alkyl-esters of long-chain-fatty acids derived from renewable lipid sources. The principal advantages of biodiesel is that it suppresses the formation of sulphur dioxide, CO, HC, and PM emissions during the combustion process due to low sulphur, low aromatics, and the presence of oxygen-containing compounds. In addition, biodiesel has good ignition ability in engine due to its relatively high cetane number compared to that of conventional diesel fuel [6, 7] . It is found that the lower concentrations of biodiesel blends improve the thermal efficiency. As the parameters at which the engines are operating, a blend up to 20% of biodiesel with diesel works well without any modification in the engine [8, 9] . The potential benefits of using LPG in diesel engines are both economical and environment friendly [10] . With reduced energy consumption, the dual fuel engine shows a significant reduction in smoke density, NO , and improved BTE [11] . Intake air throttling at low loads improves the brake thermal efficiency, and HC emission deteriorates with increase in percentage of LPG substitution [12] . In the present study, the effect of biodiesel blends over the performance and emission characteristics of a diesel engine in dual fuel mode was experimentally investigated with the variation of LPG flow rate.
Experimentation
The aim of the study is to establish a combination of biodiesel blends with gaseous fuel in dual fuel mode and to study 2 ISRN Renewable Energy the performance and emission characteristics of the engine with LPG as the gaseous fuel.
Experimental Setup.
The engine used in this study is a Kirolskar made single cylinder, four stroke, water cooled diesel engine. The specifications of the engine are given in Table 1 . Two separate fuel tanks are attached to the setup to store diesel and blends of biodiesel. The engine is coupled with a hydraulic dynamometer to measure the operating load. The engine is modified to dual fuel mode by attaching a vaporizer in between the LPG tank and LPG passage in the intake manifold. The inlet manifold of the engine is elongated by 3 feet, and the gas nozzle is drilled into the manifold. The flow of LPG is controlled by a needle valve. The pressure of the gas at inlet of vaporizer is measured by a pressure gauge. AVL 444 gas analyzer is attached to the exhaust to measure the emission parameters. The measurement range and accuracy of the gas analyzer are given in Table 2 . A pressurized closed circuit water cooling system is used to cool the engine. A digital type platform weighing machine having an accuracy of 1 mg is used to measure LPG flow rate by weight difference method with an uncertainty of 1.2%. The layout diagram of the experimental setup is shown in Figure 1 . Initially the engine is tested using standard diesel at all loads to determine the engine performance and emission characteristics. The same procedure is repeated in dual fuel mode with increase in LPG flow rate for all loads. The mass fraction of LPG ( ) is calculated by
Production of Karanja Oil Methyl
Ester. Karanja oil methyl ester (KOME) is prepared in the laboratory from neat Karanja (Pongamia pinnata) vegetable oil. The extracted vegetable oil is obtained from a local oil mill. For neat Karanja oil, the free fatty acid (FFA) is more than 5%. So the FFA is reduced by acid catalyzed esterification using methanol in the presence of sulphuric acid (H 2 SO 4 ) followed by transesterification using methanol in the presence of potassium hydroxide (KOH). After separation of glycerol, the ester is washed with water to remove unreacted methoxide. It is then heated to remove the water traces to obtain the clean biodiesel. The Karanja oil methyl ester known as biodiesel, thus, produced by this process is totally miscible with diesel in any proportion [9] .
Results and Discussion
The variations of performance and emission parameters with LPG flow rate are discussed in this section. As previous researches indicated that blends of biodiesel up to 20% show better performance as well as improved emission characteristics, while with higher blends the reduction in calorific value hampers the performance of the engine [9] . The properties of the fuels are shown in Table 3 .
Brake Specific Fuel Consumption.
Brake specific fuel consumption of the dual fuel mode is recorded with diesel and blends of biodiesel. A comparison of BSFC at 70% load for diesel and blends of KOME up to 20% was presented in Figure 2 . It is observed that by increasing load BSFC decreases, as with increase in load cylinder pressure and temperature increases, which improves the combustion process resulting in decrease in BSFC. The BSFC increases with increasing percentage of LPG substitution at part loads may be due to incomplete combustion of the gaseous fuel, while at higher loads BSFC improves with the increase of LPG substitution. On the other hand, BSFC gradually decreases with the increase in percentage of blend. This may be attributed to the presence of additional molecular oxygen present in biodiesel which improves the combustion process.
A comparison of BSFC with increase in load is done at 4 g/min flow rate of LPG was shown in Figure 3 . It is observed that the BSFC decreases with increase in load. 20% blend of KOME (B-20) shows lowest BSFC followed by 10% blend of KOME (B-10) and diesel over the whole load range. As the LPG flow rate was kept constant so B-10 and B-20 show a more improved BSFC than diesel. 
Brake Thermal Efficiency. Brake thermal efficiency (BTE)
of all the pilot fuels are observed in dual fuel mode. The comparison of BTE for diesel B-10 and B-20 at 70% load was shown in Figure 4 . It is found that B-10 and B-20 give better BTE at all loads as compared to standard diesel. This may be attributed to extra oxygen content of biodiesel blends which improves the combustion process tending to increase in BTE of the engine. But with increase in substitution of LPG the BTE gradually falls for all the pilot fuels at part load conditions, because at low loads less pilot fuel is impinged into the cylinder, and due to the excess air and low cylinder temperature, lean amount of fuel mixture escapes into the exhaust. While for diesel, BTE increases at higher load up to 35% of LPG substitution. At higher load the increase in average gas temperature has the effect of reducing the fuel ignition delay resulting in an improved BTE. A comparison of BTE with increase in load for all the pilot fuel at 4 g/min flow rate of LPG was shown in Figure 5 . It is observed that the BTE increases with increase in load, while blends of B-10 and B-20 give better BTE at all loads as compared to standard diesel. This may be attributed to extra oxygen content of biodiesel blends which improves the combustion process tending to increase in BTE of the engine.
HC Emissions.
HC emissions consist of fuel that is completely unburned or partially burned. Typically, HC emissions are serious problems at light loads for diesel engines. The comparison of HC emissions of all the pilot fuels in dual fuel mode was shown in Figure 6 . In dual fuel mode with increase in substitution of LPG, the HC emission increases. This may be due to reduction in fresh air with increase in LPG flow rate which results in incomplete combustion of the richer mixture. HC emission level decreases with the increase in biodiesel blends. The decreased trend of HC emissions compared to diesel fuel might be due to presence of oxygen molecules in biodiesel which helped in complete combustion. At 4 g/min flow rate of LPG, the observation showed that HC emission gradually decreases with increase in load. It may be due to the low engine temperature and lean mixture as part loads affects the combustion of air fuel mixture and few of it escapes into the exhaust. While at higher load with increase in peak cylinder temperature, proper combustion takes place which reduces the HC emission. The result was illustrated in Figure 7 . The HC emission was highest for diesel followed by B-10 and B-20.
NO Emissions.
NO is the most harmful gaseous emissions from engines. NO formation rate strongly depends upon in-cylinder gas temperature. Hence, the fuel distribution within the cylinder and its combustion process affect the NO formation. Generally NO forms at the high temperature burned gas regions. The comparison of variations of NO emission with LPG substitution was shown in Figure 8 . The NO emission decreases with the increase in LPG flow rate. This may be attributed to reduction in fresh air and high self ignition temperature of LPG, which increases the ignition delay resulting into reduced peak cylinder temperature. On the other hand, NO emission increases with increase in blend percentage of biodiesel because oxygen content of biodiesel provides high local temperature which improves combustion process. The variation of NO emission with load at 4 g/min of LPG flow rate for diesel, B-10 and B-20, was shown in Figure 9 . It was observed that B-20 shows the highest NO emission followed by B-10 and standard diesel.
CO Emissions.
Generally, CO emission from the engine occurs due to partial oxidation of the fuel mixture. As it is well known that the rate of CO formation is a function of unburned fuel and mixture temperature during combustion, since both factors control the fuel decomposition and oxidation. The variations of CO emission with LPG substitution were shown in Figure 10 . It is observed that with increase in substitution of LPG, initially the CO emission decreases up to 25% of substitution for all the three pilot fuels. But with further increase in LPG flow rate the CO emission increases; may be due to reduction in fresh oxygen leads to partial oxidation of the fuel mixture. With the increase in proportion of blend, CO emission is found to be decreasing. This shows that maybe due to presence of extra oxygen in blends as compared to neat diesel proper oxidation of the blends results in lower CO emission. At 4 g/min flow rate of LPG the observation shows that CO emission gradually decreases by increasing load. It may be due to the low engine temperature and lean mixture at part loads, the whole air fuel mixture does not burn completely and few of it escapes into the exhaust. The CO emission was highest for diesel followed by B-10 and B-20. The result was shown in Figure 11. 
Conclusion
In the present work, an experimental investigation has been conducted to examine the effects of induction of LPG into the engine manifold (just adjacent to inlet valve) with KOME as the pilot fuel. From the analysis of the experimental data, it is observed that BSFC and BTE improved for the CI engine with B-10 and B-20 as compared with diesel. While at part load, the BSFC increases as well as BTE decreases with increase in LPG substitution, but an improvement was observed for both the parameters at higher loads. The HC and CO emissions were increased in dual fuel mode. But blends of KOME have shown reduced HC and CO emissions in dual fuel mode as compared with diesel. The NO emission was reduced in dual fuel mode for all the three pilot fuels, while with increase in blend percentage of KOME an increase in NO emission was observed. Higher blends of KOME have higher viscosity, which affects the atomization of the pilot fuel. Further improvement of the performance and emissions characteristics in dual fuel mode with higher blends can be possible by increasing the injection pressure.
